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agencies, and others. Objectives will be attained and any necessary funds made available
subject to budgetary and other constraints affecting the parties involved, as well asthe
need to address other priorities. Recovery Plans do not necessarily represent the views
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formulation, other than the U. S. Fish and Wildlife Service. They represent the official
position of the U.S. Fish and Wildlife Service only after they have been signed by the
Regional Director as approved. Approved Recovery Plans are subject to modification as
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EXECUTIVE SUMMARY

Current Status. Pitcher’ sthistleislisted as threatened by State and Federal governments. There are 173
known occurrences found in Michigan (90%), Indiana (5%) and Wisconsin (5%). Pitcher’sthistle needs
open Great Lakes sand dune habitat subject to natural disturbance processes. Its survival is threatened by
shoreline devel opment, dune stabilization, recreation, and invasive non-native plants and insects.

Habitat Requirements: Pitcher’ s thistle is endemic to the unforested dune systems of the western Great
Lakes and requires active sand dune processes to maintain its early successional habitat. The highest
ranked occurrences are on large, intact, active dunes. Pitcher’sthistleis vulnerable to habitat 10ss by
human devel opment, construction, recreation, and by erosion when lake levels are high.

Recovery Objective: Delisting.

Recovery Strategy: Protect and manage occurrences and habitat.

Recovery Criteriac Delisting can occur when: 1) the essential habitat associated with atotal of 115 priority
occurrences representing each biogeographic region and dune type is protected and managed under a
management plan for each management unit; 2) regular field surveysto verify occurrences and record new
occurrences have been established; 3) landowner contacts have been initiated and protection has been
investigated for the remaining (rank<BC) public and private occurrences; 4) monitoring of known sites
shows a stable or increasing trend toward recovery, and that protective plans are being implemented; 5)
restoration of two occurrences from among historical sites where sufficient habitat remainsin Illinois,
Indiana, Wisconsin, and southern Lower Michigan has been completed, and 6) research necessary to
protect, manage and restore Pitcher’ s thistle has been conducted.

Actions Needed:

1 Protect and manage known occurrences and essential habitat.

1 Establish and conduct regular field surveys to verify known and record new occurrences.

3. Inform the public, recreationists, public land managers and private landowners.

4, Monitor occurrences for stable or increasing trends and implementation of protective plans.

5. Restore Pitcher’ s thistle populations on two appropriate sites within its historical range.

6. Conduct research necessary for protection, management and restoration.

Estimated Cost of Recovery ($ 000's)
Year Task 1 Task2 | Task3 | Task4 | Task5 | Task 6 Total
2003 113 26 26 78 92 164 499
2004 132 26 26 78 99 196 557
2005 132 26 26 78 99 189 550
2006 108 26 26 78 92 189 519
2007 108 26 26 78 92 189 519
2008 108 26 26 78 20 65 323
2009 108 26 26 78 20 65 323
2010 108 26 26 78 0 0 238
2011 108 26 26 78 0 0 238
2012 108 26 26 78 0 0 238
2013 108 26 26 78 0 0 238
2014 108 26 26 78 0 0 238
Total 1,349 312 312 936 514 1,057 4,480

Date of Recovery: Delisting should be initiated in 2014 if recovery criteria are met.
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|. Introduction

The Pitcher’ s thistle (Cirsium pitcheri (Eaton) Torrey & Gray, Asteraceae) isone
of many rare or declining species inhabiting dunes of the Great Lakes region. Other
species include dwarf lake iris (Irislacustris Nutt.), Houghton' s goldenrod (Solidago
houghtonii A. Gray), piping plover (Charadrius melodus Ord.), and the Lake Huron
locust (Trimerotropis huroniana). The number of dune species across different trophic
levels exhibiting similar downward trends is asignal that the dune ecosystem is being
affected by our management or lack of it. Knowledge of the larger dune ecosystem which
influences the species’ habitat and survival must be incorporated in recovery planning and
implementation for the Pitcher’ sthistle.

Pitcher’ s thistle was proposed for listing as threatened under the Endangered
Species Act of 1973 (ESA), asamended (16 U.S.C. 1531-1544), in July 1987 (USFWS
1987) and listed as threatened in July 1988 (USFWS 1988). The Pitcher’ sthistle has
been assigned a recovery priority of 8C indicating a moderate threat, a high recovery
potential, and conflict with construction or other forms of economic activity. The species
isclassified as threatened in Canada (Keddy 1988). At the State level, itislisted as
threatened in Indiana, Michigan, Wisconsin and Illinois. The speciesis extirpated in
llinois.

A. Description

This distinctive dune plant (Figure 1), often referred to as the dune thistle, was
first noted by Dr. Zina Pitcher about 1827 at the Grand Sable Dunes of the Upper
Peninsula of Michigan. The species was first described by Eaton (1829) as Cnicus
pitcheri from the type specimen which was apparently collected in 1827 on or near
Mackinac Island by Dr. Edwin James (Voss 1996). Pitcher’ sthistle isamonocarpic
(flowers and sets seed only once), perennial, herbaceous plant, generally flowering after a
5-8 year juvenile stage (Loveless 1984). The stems and |leaves of juveniles and adults are
woolly-white, and the leaves are deeply pinnatifid with the lobes less than 1 centimeter
(cm) wide and up to 4 cm long. Minute spines are concentrated along the edge of the |eaf
at its base, with afew spines between the lobes of the distal leaf margins. The flowering
stems are up to 1 meter (m) tall and have several to a dozen widely scattered leaves.
Individual s typically have a single branching flowering stem with terminal and axillary
flowering heads of acream or pinkish color. Juveniles and adults have a taproot that may
reach 2 min length (McEachern and Pavlovic pers. obs.).

B. Taxonomy and Genetics

Several hypotheses have been proposed for the origin of Cirsium pitcheri. Moore
and Frankton (1963) suggested that C. pitcheri, C. canescens Nutt. (Platte thistle of



10 cm

Figurel. Cirsium pitcheri (Eaton) Torrey & Gray, A - seedling, B - juvenile, C - adult



Nebraska, Wyoming, Colorado, and South Dakota), and C. canovirons (Rydb.) Petrak (a
more western species) originated from a common ancestor. They proposed that C.
pitcheri originated in the Great Plains and dispersed to its present range through sandy
habitats created by Wisconsin glacial meltwaters. Pitcher’ s thistle could have originated
as asmall population or from a single seed of C. canescens during the late Pleistocene (>
10,000 years ago) or Holocene (< 10,000 years ago)(Johnson and 1ltis 1963). The closely
related C. canescens and C. pitcheri have similar morphological, chromosomal, and
ecological characters. Both species are members of the section Onotrophe, subsection
Acanthopyta, and series Undulata of the Cirsium genus, and have the same primitive
chromosome base number (n=17) (Moore and Frankton 1963, Ownbey and Hsi 1963).
The two species grow on sandy soils, have white or cream-colored flowers, have white-
tomentose leaves, and are monocarpic perennials (Johnson and Iltis 1963, Ownbey and
Hsi 1963).

Genetic evidence suggests C. pitcheri originated directly from C. canescens
(Loveless and Hamrick 1988). Starch gel electrophoresis was run on samples collected
from 21 C. pitcheri and 16 C. canescens populations throughout their ranges. Cirsium
pitcheri was found to be a genetically depauperate relative of C. canescens based on
proportion of polymorphic loci, mean proportion of polymorphic loci per population,
mean number of alleles per polymorphic locus, observed heterozygosity, and expected
heterozygosity. The low values of these statistics demonstrate alow genetic diversity for
Pitcher’sthistle. All alelesin C. pitcheri were a subset of those of C. canescens and both
species showed the same banding patternsfor all loci. Only 4 out of 14 loci were
polymorphic in C. pitcheri compared to 9 out of 10 for C. canescens. The observed
differences in heterozygosity between the two species was statistically significant.

Pitcher’ s thistle popul ations were divided into five geographic groups and
compared using Nei’ s genetic identity statistic. The groups were southern Lower
Michigan, northern Lower Michigan, Straits of Mackinac, Upper Michigan, and
Wisconsin (Loveless and Hamrick 1988). The northern populations were more similar to
the southern populations than to the Straits of Mackinac populations. This differentiation
was found to be due to variation in the EST locus and is consistent with the purported
geographical isolation of the Straits populations from the mainland during the Lake
Chippewal/Nipissing stages (respectively 10,000 years and 5-4,000 years before present
(Hansel et al. 1985)). Considering al populations, the greater their geographic
separation, the less similar they are genetically. These slight genetic differences suggest
that recovery should include the preservation of occurrences by region and especially
those in the Straits of Mackinac region.

A study of random amplified polymorphic DNA (RAPD) of Pitcher’ sthistlein the
southern Lake Michigan Basin noted greater variation than revealed by the Loveless and
Hamrick data (Kayri Havens, Chicago Botanical Garden, pers. comm.). She found that
al sites sampled were significantly different in genetic variation except for two sites at



Warren Dunes Michigan. Samples within states (M1, IN and WI) were more similar than
among states. Interestingly, variation in herbarium specimens collected in Illinois prior to
extirpation in that state was more similar to Wisconsin plants. Despite this, Wisconsin
plants a an Illinois Beach State Park restoration site had reduced vigor and survivorship
of (Bowlesand Bell 1998). These new data strengthen the importance of genetic criteria
when conducting Pitcher’ s thistle restoration and reintroduction.

C. Distribution

Pitcher’ s thistle (Cirsium pitcheri) is endemic to the beaches and grassland dunes
of Lakes Michigan, Superior, and Huron (Guire and Voss 1963). The majority of known
sites of Cirsium pitcheri occur along the shores of Lake Michigan (Figure 2). The species
ranges from the north shore of Lake Superior south to Indiana, and formerly occurred in
northern lllinois, where it is has been experimentally reintroduced (Bowles et al. 1993;
Bowles and McBride 1993, 1994; Bowles and Bell 1998). Distribution of the species
extends along the Lake Michigan shorelinein Wisconsin. In the east it ranges through
northern Lake Huron to the Manitoulin I1sland archipelago and southern Georgian Bay in
Ontario. Pitcher’sthistle extends as far south as Lambton County, Ontario, Canada on
Lake Huron, asindicated by pre-1964 collections for two localities (White et al. 1983).

Pitcher’ s thistle occurrences are distributed along the Great Lakes dunes.
However, individual Pitcher’ s thistle populations have not been delineated because
available inventory information is insufficient to identify boundaries of separate
populations. For instance, while progressing along a dune one may encounter a group, or
patch, of Pitcher’ sthistle plants, followed by an unoccupied gap, followed by additional
groups of plants, then gaps, and so on. Some groups of plants may contain hundreds of
individuals, while others contain less than adozen. In this context, element occurrences
are recorded by State natural heritage programs. The data are specific locations
(township, range, section and quarter section) where Pitcher’s thistles were found. Maps
of occurrences neither imply a completed survey for al Pitcher’s thistle populations and
plants, nor circumscribe the total potential habitat adjacent to the mapped popul ation(s)
on that dune system. Because mapped occurrences do not imply the identification of
biological populations, we will use the term occurrence in this plan to identify the basic
locations where Pitcher’ s thistle occurs. For the purposes of this recovery plan, an
occurrence of Pitcher’sthistleis defined as all Pitcher’ sthistle in an areawithin
approximately one mile of each other, and at |east one mile from the nearest Pitcher’s
thistle which would be part of another occurrence. Within one occurrence, two individual
plants may be greater than one mile apart, but would have other Pitcher’ s thistle between
them making the nearest neighbor distance less than one mile.

Occurrence data are not equally complete or current for all the states. Indiana data
are from 1990-1991 (McEachern 1992; Cloyce Hedge, Division of Nature Preserves



Figure 2. Distribution of Cirsium pitcheri in the United States. X marks known
extirpated populations.



Indiana Department of Natural Resources, pers. comm.), Wisconsin data are from 1987
and 2001 (Dobberpuhl and Gibson 1987; Darcy Kind, Wisconsin Department of Natural
Resources, pers. comm. 2001) and Canada data are from 1988 (Keddy 1988). Since
Pitcher’ sthistle is extirpated from Illinois, occurrences are based on herbarium
collectionsonly. Most recent Michigan data are from 2001. Some Michigan sites have
not been surveyed since the late 1800’ s and 1911, but the mgjority (142 out of 156 sites)
have been observed since 1980. Occurrences were organized into six biogeographical
regions (see Albert et al. (1986) for Michigan boundary definitions): 1) southern Lower
Michigan, 2) northern Lower Michigan, 3) eastern Upper Michigan, 4) Indiana, 5)
[llinois, and 6) Wisconsin.

To compare occurrences among states, the global ranking criteria developed by
The Nature Conservancy (TNC), and now administrated by NatureServe, were used for
assignment of element occurrence rank for all occurrences. The occurrence ranks were
assigned on the basis of the quality of the plant community (Appendix B). Plant
community quality was determined by the level of human disturbance and the condition
of the plant community structure and composition. The ranks assigned are A (excellent),
B (good), C (fair), and D (poor). Although the system is subjective, it is useful because it
has been applied consistently. For all states, element occurrences are synonymous with
occurrences as defined above. The Michigan Natural Features Inventory (MNFI) uses a
size class ranking system, assigning values from one to five, based on the areal extent of
the occurrence and the abundance of the species (Appendix C). Lower ranks have larger
areaand larger populations.

Public and private ownership have the following definitions. Public owner ship
island owned by the Federal, State, county and city government. Private property
includes private and corporate lands, and conservation organization owned lands.

1. Canada

Pitcher’ sthistle occurs at atotal of 12 sites (Table 1) in Ontario (Keddy 1988).
Pukaskwa National Park on the north shore of Lake Superior, in the Thunder Bay District
of Ontario, isthe northernmost population of this species. That population has been
monitored for severa years (Keddy 1988). The magjority of Canadian occurrences are
from Lake Huron, concentrated around Manitoulin Island and the Bruce Peninsula region.

2. United States

One hundred and ninety-one historic and existing occurrences are known in the
United States, but 18 have been extirpated (Table 2). Pitcher’ s thistle probably occurred
more commonly along the Great Lake shorelines prior to European settlement, but it is
unknown how many occurrences were lost due to settlement and shoreline devel opment.
Most of the known extirpated occurrences are in Illinois and Indiana.



Table 1. Thedistribution of Cirsium pitcheri in Ontario, Canada (Keddy 1988).

Site Name EO#* | Size Class® | Last Observed Owner
Providence Bay 1 3 1987 ?
Square Bay 2 3 1987 ?
Portage Bay 3 4 1987 ?
Sand Bay 4 3 1987 ?
Carroll Wood Bay 5 5 1987 ?
Pukaskwa National Park 6 4 1986 Federal
Pinery Provincial Park 7 5 1983 Province
Inverhuron Provincial Park 8 5 1981 Province
Carter Bay 9 ? 1987 Province
Manitoulin Island 10 ? 1984 ?
Great Duck Island 11 ? 1975 ?
Cockburn Island 12 ? 1974 ?

! EO# - Element occurrence number used by heritage program.
2 Size Class - Size class based on area or linear extent and gualitative or quantitative
estimates of abundance (Appendix C). Largest size is 1 and smallest is 5.

Of the 173 extant occurrences, 156 (90%) are in Michigan and the remaining 17
are divided between Indiana and Wisconsin. Seventy-eight percent of the occurrences are
in the Lake Michigan basin, with one occurrence (<1%) in the Lake Superior basin and
the remainder (21%) in the Lake Huron basin. Sixty (35%) extant populations are
entirely in public ownership, 42 occurrences (24%) cover adjoining public/private lands,
and 71 (41%) occur on private lands.

Occurrences are distributed unequally among ranks; 7% A, 6% AB, 13% B, 20%
BC, 25% C, 11% CD, 10% D, and 8% unclassified. High quality sites (A, AB) and low
quality sites (D, U) are under represented and moderate quality sites (B, BC, C) are over
represented. An examination of Table 2 reveals that high quality sites tend to bein public
ownership and are found mainly in Michigan. Lower quality sitestend to be in private
ownership. The most frequent size class scores for the occurrence ranks are: A-1, AB-3,
B-4, BC-4, C-5, CD-5, and D-5. High quality sites tend to have greater numbers of plants
covering alarger area.

A majority of the 173 extant occurrences, 60% (96), are on simple linear dunes
(dune types are defined in the Habitat and Ecosystem section); 14% (23) on complex
continuous dunes; 18% (29) on complex discontinuous dunes; and only 8% (12) on



perched dunes. Occurrences found most frequently on perched dunes were ranked BC,

ranked A on complex continuous dunes, and ranked C on complex discontinuous dunes
and simple linear dune occurrences. These data illustrate that the occurrences on larger
dune systems, i.e. perched and complex continuous, are higher quality than the
occurrences on simple linear and complex discontinuous dune types. Nevertheless, high-
guality occurrences exist for each dune type.

Table2. Summary of Cirsium pitcheri occurrencesin the United States.

State / Landowner?

Element Occurrence Rank?

3

MICHIGAN A AB B BC | C| CD D | Und Ext Total
Public 2 10 8 16 4 6 1 55
Public/Private 2 4 4 8 7 1 5 31
Private 4 7 15 (19| 12 7 6 70
SUBTOTAL 10 10 21| 31 |42 16 14 12 156
INDIANA A AB B BC | C CD D Und Ext Total
Public 1 1 1 2 1 6
Public/Private 1 1 1 3
Unknown 3 3
SUBTOTAL 1 1 1 2 3 4 12
WISCONSIN A AB B BC | C CD D Und Ext Total
Public/Private 3 1 1 1 8
Private 1 1
SUBTOTAL 1 3 1 1 1 9
ILLINOIS A AB B BC | C| CD D Und Ext Total
Unknown 14 14
SUBTOTAL 14 14
GRAND TOTAL 12 11 22| 35 |43 19 18 13 18 191

! Landowner - Public - public land ownership, Public/Private - occurrence covers public and
private lands, Private - private land ownership.

2 . ., . . .
Elemewp%%%&eé}?e Rank -Rank by habitat condition and population size and vigor

3 Und — undetermined

* Ext — extirpated




Michigan

The 156 Michigan occurrences of Pitcher’ sthistle (Table 3) are ordered
hierarchically within each county by element occurrence rank and size class assigned by
MNFI. Thelevel of occurrence protection is summarized in the Status column by codes
which are defined in Appendix D. Pitcher’ s thistle occurrences were updated from 1993,
1997 and 2001 surveys (Comer and Albert 1993; Penskar et al. 1993, 1997; Phyllis
Higman, MNFI, pers. comm. 2001).

The northern Lower Peninsula of Michigan supports 106 (68%) of the Michigan
occurrences. Seventy of these occurrences are concentrated in the following counties:
Charlevoix (23), Emmet (17), Leelanau (15), and Mackinac (15). Many occurrencesin
Charlevoix and Leelanau counties are on island archipelagos. The majority of Lake
Huron sites are concentrated in the north, with the most occurrencesin Presque Isle (11)
and Cheboygan (5) counties. Most northern Lower Peninsula occurrences are on ssmple
linear dune systems, but all other dune types are represented. All but one of the perched
dune occurrencesisin this region.

The Upper Peninsula of Michigan has 38 sites, mostly found on the north shore of
Lake Michigan on simple linear dune systems. Eleven of these are found along the Lake
Huron shoreline of Chippewa (7) and Mackinac (4) counties. The northernmost sitein
Michigan consists of the large perched Grand Sable Dunes on Lake Superior at Pictured
Rocks National Lakeshore.

The southern Lower Peninsula has 12 (8%) of the Michigan occurrences where
five sites are located on discontinuous dunes and five are located on continuous dune
complexes. The remaining two occurrences are on simple linear foredunes. None of the
occurrences have arank greater than B. Four of the 12 occurrences are on State owned
land.

Slightly less than half of the Michigan occurrences (72) are currently ranked BC
or higher, indicating good to excellent quality, and many sites support occurrences falling
within larger size classes. Additionally, many of the highest ranked occurrences are on
State and Federal lands and fall within State-regulated Critical Dune Areas (Table 3).
Critical Dune Area designation protects dunes along the shoreline through the regulation
of development and use. Many A-ranked occurrences fall within the 1-2 size class, and
most of these are within public ownership. All but three A-ranked sites occur in Critical
Dune Areas. The highest quality occurrences include the Grand Sable Dunes, Big Sable
Point, Good Harbor Bay, Platte River Point, South Manitou Island, Sleeping Bear Point,
Cathead Bay, and Hiawatha National Forest Dunes. Of the occurrences ranked BC or
higher, 46 sites are wholly or partially held in public ownership, and an additional two are
protected as private nature preserves.
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Table 3. Thedistribution of Cirsium pitcheri in Michigan.

Critical
County/ Dune EO Size Last Dune
Site Name EO# ! Region 2 Type3 Rank* |Class® | Obs. owner® [status”| Area® [Comments
Negwegon State Park 127 Alcona/NL S C 4 1988 State 6/? N Occasional; needs detailed field survey
Locally common; within outstanding natural feature
Grand Sable Dunes Alger/UP P A 1 1989 NPS 6 N designation
Saugatuck Dunes 4 Allegan/SL C C 3/4 1992 State/City 9/6 Y Portion within dedicated Natural Area boundary
Six plants noted in study plot in blowout area; needs
Gilligan Lake Dunes 112 Allegan/SL D Cc? 5 1981 Private 6 Y further survey
Noted as occasional; 23 adults and 72 juveniles in
North Point 95 Alpena/NL S BC 3/4 1996 Corp N 1996; needs field survey
Huron Bay 12 Alpena/NL S CD 5 1989 Private N About 50 plants observed on beach
Noted as common on low foredunes; needs field
Torch Lake 65 Antrim/NL S BC? 3/4 1981 Private 0 N survey
Population increasing following inundation from high
lake levels; northern colony needs protection from
Palmer-Wilcox-Gates 10 Antrim/NL S Cc 3/4 1989 TNC N trampling
Banks Township Park 82 Antrim/NL S C 5 1996 | Multi. Private N 24 adults and 59 juveniles; recreation pressure
Elk Rapids South 145 Antrim/NL S C 5 1997 Private N Construction of revetment will likely harm
Noted as very common along lakeshore; needs field
survey; housing development imminent; 116 plants in
South Charity Island 107 Arenac/NLI S C 1991 Private 0 N 1991
Point Lookout 88 Arenac/NL S D 1951 Private U N Noted as scarce in 1951; needs field survey
Common on open dunes; possible National Natural
Platte River Point 5 Benzie/NL C A 1 1985 NPS 6 Y Landmark candidate
Observed as frequent; possible National Natural
Platte Bay 7 Benzie/NL C A 1985 NPS 6 Y Landmark
Point Betsie 33 Benzie/NL Cc AB 3 1995 Private 8/0 Y About 4000 plants and seedlings in 1995
Herring Lake
Embayment 51 Benzie/NL AB 1996 Private Y Common to abundant; robust even in erosional areas
Grace Road Dune 126 Benzie/NL P BC 1986 Private Y Uncommon
Watervale South 131 Benzie/NL P BC 1996 | Multi. Private Y 100 to 200 robust plants on lower third of bluff
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Table 3 (cont.) Thedistribution of Cirsium pitcheri in Michigan.

Critical
County/ Dune EO Size | Last Dune

Site Name EO#'| Region? |[Type®|Rank®* |Class® | Obs. owner® [status”| Area® |[Comments

Small population vulnerable to severe trampling on

public beach; estimated 400-500 plants to south;
Frankfort Beach 34 Benzie/NL S BC 1992 City 0 Y needs field survey to determine status
Warren Dunes 16 Berrien/SL D B? 1992 State 3? Y Needs thorough field survey
High Island Dunes 108 | Charlevoix/NLI D AB 1986 | State/Private 1? Y Common throughout dunes
Bonners Landing 9 Charlevoix/NLI S B 2/3 1980 | State/Private 1? N Several hundred plants in undisturbed habitat
Fisherman'’s Island State Common, needs survey; in purchase boundary of
Park 75 Charlevoix/NL S B 1992 State N Fish Island State Park
Lookout Point 143 | Charlevoix/NLI S B 1998 Private N 100s of plants; Inform, educate owners

Noted as frequent on beach; 168 adults and 239
Norwood 93 Charlevoix/NL S BC 3/4 1996 | State/Private 0 N juveniles in 1996; needs field survey

Determine protection status; needs field survey for
Sandy Bay 57 | Charlevoix/NLI S BC 4/5 1989 | State (CMU) U N assessment of population size and extent
McFadden Point 62 | Charlevoix/NLI S BC 5 1987 | State/Private 0 N Needs field survey

1992: 87 adults and 131 juveniles; extensive dune
McSauba Park 77 Charlevoix/NL S BC 4/5 1992 | City/Private N field
Lett’s Point 142 | Charlevoix/NLI S C 5 1998 Private N Inform, educate owners
Sweat Lodge Swale 144 | Charlevoix/NLI S C 5 1998 State N Small pop.; Mackinaw State Forest
High Island Bay 68 | Charlevoix/NLI D C 3/4 1986 State 1? N About 50-100 plants observed
Hog Island 125 | Charlevoix/NLI S C 5 1986 State 1? Y Uncommon; may need field survey
French Bay 129 | Charlevoix/NLI S C 5 1989 Private 0 N Resurveyed 1999; small population
Donnegal Bay 60 | Charlevoix/NLI S C 4/5 1992 City 0 N Resurveyed 1999; fragmented habitat
Little Sand Bay 58 | Charlevoix/NLI S c? 4/5 1981 | LTC/Private 0 N Resurveyed 1999; small population, nice habitat
Horseshoe Island 99 | Charlevoix/NLI S CD? 5 1951 State 0 N Needs field survey

1991 survey found only 24 plants; 1992: 2 colonies
Charlevoix Beach 6 Charlevoix/NL C D 4/5 1992 City 0 N with 20 plants; diminished population
Jensen's Point 128 | Charlevoix/NLI S D 1983 State 0? N Only one plant observed; needs survey
Iron Ore Bay 20 | Charlevoix/NLI S D 1986 Pub. Sch. U N Status unknown; needs field survey
Beaver Island Harbor 59 | Charlevoix/NLI S D? 1981 | Private/City 0 N Needs field survey; little habitat may remain
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Table 3 (cont.) Thedistribution of Cirsium pitcheri in Michigan.

Critical
County/ Dune EO Size | Last Dune

Site Name EO#'| Region? |[Type®|Rank®* |Class® | Obs. owner® [status”| Area® |[Comments
Northcutt Bay 105 | Charlevoix/NLI S U 4/5 1983 State 0 N Resurveyed 1999; small population
Cable Bay 54 | Charlevoix/NLI U U 1981 | Private/State 0 N Needs field survey
Martin Point 56 | Charlevoix/NLI S U U 1981 Private 0 N Needs field survey
Grass Bay 24 | Cheboygan/NL S BC 3/4 1996 TNC 8 N More than 359 plants counted in 1989
Nine Mile Point 102 |[Cheboygan/NL S Cc 5 1996 | State/Private 0 N 1996: 6 adults and 9 juveniles in part
Cheboygan State Park 106 |Cheboygan/NL S Cc 5 1996 State 1 N 1996: 20 adults and 64 juveniles

Small population, very localized; may need further
Point Nipigon 120 |[Cheboygan/NL S CD 5 1985 Private 2 N field survey
Albany Creek Mouth 70 Chippewa/UP S BC 3 1990 | Private/MNA N MDOT owns to lakeshore; ca. 1000 plants or more
St. Vital Bay 67 Chippewa/UP S BC 3 1981 State 1? N Common to abundant
Albany Harbor Peninsula | 91 Chippewa/UP S BC 4 1995 Private U N 100+ plants
Rice Point 86 Chippewa/UP S CD 5 1993 Private N Infrequent; needs field survey
Carleton Bay 76 Chippewa/UP S CD 4/5 1981 Private N Infrequent; needs field survey

Very small local population; vulnerable to trampling by
Strawberry Island 53 Chippewa/UP S CD 5 1981 State U N campers
Point De Tour 74 Chippewa/UP S CD 5 1981 Private 0 N Small localized population; needs field survey
Fayette 18 Delta/UP S D? 5 1976 State 0? N Needs field survey to determine if extant
Big Stone Bay 15 Emmet/NL S AB 1 1991 State 6 Y Common to frequent

Common; future park plans for development could
Sturgeon Bay 47 Emmet/NL Cc AB Y 1991 State 1 Y affect this population adversely
Paige Creek 79 Emmet/NL S B 4 1991 | State/Private U N 1991: noted as abundant in Petoskey State Park

Infrequent to common; disturbed by ORV's;
Sturgeon Bay Point 22 Emmet/NL C BC 3 1991 | Twp./Private 0 Y threatened with rapid development

100's and likely 1000's; cobbly sand NE portion of
Temperance Island 138 Emmet/NLI S BC 3/4 1996 State 1 N island; need survey

Common to abundant; numerous cottages; highly
Trail's End Bay 66 Emmet/NL S BC 1991 Private Y susceptible to foot traffic
McCort Hill 50 Emmet/NL S BC 1990 | Private/City Y A few plants noted in 1990; needs better survey
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Table 3 (cont.) Thedistribution of Cirsium pitcheri in Michigan.

Critical
County/ Dune EO Size | Last Dune
Site Name EO#'| Region? |[Type®|Rank®* |Class® | Obs. owner® [status”| Area® |[Comments
Private/

Wycamp Creek Mouth 73 Emmet/NL S Cc 4/5 1989 State? 0 Y Needs field survey

Sturgeon Bay South 111 Emmet/NL C Cc 4/5 1982 | Private/Corp 0 Y \Very local; about 100 plants observed

Thorne Swift Preserve 119 Emmet/NL S C 5 1990 | LTC/Private 8 N 14 plants observed by naturalist; needs field survey

Cecil Bay 14 Emmet/NL P c? 5 1980 Private 0 N Locally common; may need field survey

Middle Village South 136 Emmet/NL S CD 5 1996 | Multi. Private 0 N One adult- others are probably on private land

M119 & Pike Road 137 Emmet/NL S CD 5 1996 | Multi. Private 0 N Two juveniles only; needs survey

Johnson Point 121 Emmet/NL S CD 5 1985 Private 2 N Uncommon; needs field survey

Sevenmile Point 132 Emmet/NL S D 4/5 1990 Private 0 N A few plants noted in 1990; needs survey

GrandTraverse/

Old Mission Light 38 NL S D? 5 1981 Twp. 0 N Not found in 1989 field survey; possibly extirpated
Small population of two adults and juveniles found on
low dunes; needs better survey; non-natives

Saginaw Bay 89 Huron/SL S CD 5 1996 State 0 N encroaching
Locally frequent; 16 adults & 13 juveniles; needs field

AuSable Point 35 losco/NL S BC 5 1996 Private 0 N survey
About 50 plants observed in 1981; none in 1996;

Oscoda North 36 losco/NL S CD 5 1996 Private 0 N needs field survey
Status unknown; needs field survey; area becoming

Oscoda South 101 losco/NL u 5 1963 Private N developed

South Manitou 17 Leelanau/NLI P A Y 1983 NPS Y Common on gravel plateau and dunes
Very common to frequent; vulnerable to pedestrian

Good Harbor Bay 29 Leelanau/NL C A % 1987 NPS 6 Y damage

Sleeping Bear Point 28 Leelanau/NL P A 1 1991 NPS 6 Y Common throughout the dunes

Cathead Bay 48 Leelanau/NL AB 2 1987 | State/Private 6/0 Y Common; needs better survey

Multi. 100's- likely 1000's; developed but foredunes largely

Glen Arbor 139 Leelanau/NL S AB 1996 | Private/City N with minimal disturbance

South Fox Island 43 Leelanau/NLI AB 1986 Private Y Common to locally abundant

North Manitou Island 44 Leelanau/NLI B 1983 NPS Y Frequent
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Table 3 (cont.) Thedistribution of Cirsium pitcheri in Michigan.

Critical
County/ Dune EO Size | Last Dune

Site Name EO#'| Region? |[Type®|Rank®* |Class® | Obs. owner® [status”| Area® |[Comments

Scattered along foredune; vulnerable to high foot
South Manitou Island 52 Leelanau/NLI S B? 2/3 1983 NPS Y traffic
Donner Point 123 Leelanau/NL P B? 3 1983 NPS Y Locally common; needs field survey
Empire Bluffs 118 Leelanau/NL P BC Y 1986 NPS Y Common
North Fox Island 42 Leelanau/NLI D BC 3 1989 Private 1? Y Common to locally abundant in blowouts

Locally common; may be subject to trampling through
Pyramid Point 45 Leelanau/NL P BC 3 1990 NPS 6 Y use of site as a hang gliding area
Gills Pier 41 Leelanau/NL S BC U 1996 Private 0 N Needs field survey
South Manitou Island 110 | Leelanau/NLI S c? 4 1982 NPS 6 N Local; needs field survey
Peterson Park North 135 Leelanau/NL S D 5 1996 Private U N 3 adults at base of sandy cobbly dune

Occasional to common; vulnerable to ORV and
Hiawatha National MDOT/ pedestrian traffic from US-2; common along US-2
Forest Dunes 90 Mackinac/UP Cc A 1 2001 USFS 2/2? Y MDOT ROW
Birch Point East West 23 Mackinac/UP S A 2 2001 | State/Private 6 N Common; proposed for dedication

Common; state portion proposed for dedication; most
Hughes Point 55 Mackinac/UP S A 3 2001 | Corp./State Yo N occurs on Private portion

USFS/ Abundant on foredune; on or near proposed Research

Point Aux Chenes 49 Mackinac/UP C AB 4/5? | 1991 Private 6/0? N Natural Area; private inholdings need to be acquired

One plant observed; 100's observed on nearby
Poupard Bay 134 | Mackinac/UP S B 3 2001 Private N property; other properties need survey
Naubinway East 3 Mackinac/UP S C 4 2001 Private N Occasional to frequent; needs field survey
Big Knob Campground 100 | Mackinac/UP S C 4 2001 State N Local; site proposed for natural area dedication
West Epoufette 133 | Mackinac/UP S C 4 2001 | State/Private | 6/1 N Several colonies on narrow foredune

Sparsely distributed in patches along several miles of
Black River Road 156 Mackinac/UP S Cc 4 2001 | State/Private 1 N shoreline

Occasional to common in sandy flats and small
Fox-Needle Point 154 | Mackinac/UP S 4 2001 State 2 N foredunes; site recently acquired by State
McNeil Creek 130 | Mackinac/UP S C 2001 | State/Private | 6/1 N Modest population along foredune
Stevenson Bay 63 Mackinac/UP S CD 5 1995 | TNC/Private 0 N Infrequent along beach; needs field survey
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Table 3 (cont.) Thedistribution of Cirsium pitcheri in Michigan.

Critical
County/ Dune EO Size | Last Dune

Site Name EO#'| Region? |[Type®|Rank®* |Class® | Obs. owner® [status”| Area® |[Comments
Point La Barbe 37 Mackinac/UP S D 5 1981 Corp. 0 N Needs field survey. No plants observed in 2001

Only one plant noted; may need field survey to
Manitou Payment 124 | Mackinac/UP S D 5 1986 Private 0 N determine if extant

Locally abundant; more than 3000 plants counted in
Tower-Troy Preserve 21 Manistee/NL C AB 3 1994 TNC 8 Y 1989; 60+ plants on dune slope in 1992

Common, 90 adults and 170 juveniles; restrict ORV
South Arcadia Beach 39 Manistee/NL P BC 2/3 1992 Corp. 0 Y use

60 adults, 126 juveniles; a portion is heavily
Magoon Creek North 114 Manistee/NL S BC 4 1996 | Cnty/Private 0 N developed

Threatened by Harbor Village Development; >200
Manistee River Mouth 13 Manistee/NL S C 4 1992 | City/Private 0 N plants across separate colonies

21 adults and 16 juveniles, estimates 50-100;
Portage Point Dune 104 Manistee/NL D C 5 1992 | Multi. Private 0 N minimize recreation

Common to abundant; area may be proposed for
Big Sable Point 32 Mason/NL C A 1 1985 | State/lUSFS 6/6 Y natural area dedication

Occasional; site heavily disturbed by ORV's; needs
Cooper Creek Dunes 122 Mason/NL S CD 4 1985 USFS U Y field survey to determine population status

One plant observed in 1981; needs field survey to
Bass Lake Dunes 31 Mason/NL D D 5 1981 Private 0 Y determine status

Muskegon/ About 400 plants counted in 1982; dedicated Natural

Hoffmaster Natural Area | 25 Ottawa/SL D B 3 1983 State 9 Y Area; monitor pedestrian traffic

Rare and local on open dunes; about 150-200 plants
Meinert Park 26 Muskegon/SL C B 4 1996 County 0 Y observed
Muskegon State Park 64 Muskegon/SL Cc 4/5 1992 State N 1 adults, 23 juveniles, maybe +100 plants
Mona Shores Forest 113 | Muskegon/SL D D? 4/5 1979 Pub. Sch. 0 Y Needs field survey

1991: 750 plants counted by TNC staff; 1995: 608
Camp Miniwanca 11 Oceana/NL D B 4 1995 Private 0 Y plants

Frequent in blowouts; scattered homes on these
Driftwood Beach 27 Oceana/NL D BC 1985 | Corp/Private Y dunes
Pentwater 117 Oceana/NL D BC 1985 Private Y Common
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Table 3 (cont.) Thedistribution of Cirsium pitcheri in Michigan.

Critical
County/ Dune EO Size | Last Dune
Site Name EO#'| Region? |[Type®|Rank®* |Class® | Obs. owner® [status”| Area® |[Comments
Rare on open dunes; history of heavy ORV
Little Point Sable 116 Oceana/NL C c? 2/3 1985 State 1 Y disturbance
About 100 plants scattered over dunes; 1992: 12
Pentwater Dunes 30 Oceana/NL D CD 4/5 1992 Private 1 Y juveniles; Camp manager supports protection
Natural preserve; needs field survey to determine
Kitchel Dunes 8 Ottawa/SL C C 5 1986 City 8 Y population size and quality
Uncommon, only 12 plants observed; needs field
Rosy Mound 115 Ottawa/SL C CD 5 1985 Corp. 0 Y survey
Presque Frequent on open dunes; most on State land, part in
Thompson's Harbor 87 Isle/NL S B 4 1989 | State/Private | 9/6/2 N dedicated area; 34 adults and 73 juveniles
Presque Infrequent to abundant; needs field survey; 55 adults
Hoeft State Park 83 Isle/NL S B? 2 1996 | State/Private 1/0 N and 106 juveniles
Presque
Huron Beach 71 Isle/NL S B 4/5 1989 State 0 N Uncommon; needs field survey
Presque
Hammond Bay West 80 Isle/NL S B 5 1996 | Private/Corp 0 N Common; needs field survey
Presque
Evergreen Beach 78 Isle/NL S B 4 1996 Private 0 N 1996: 118 adults and 73 juveniles
Part of population protected and monitored in State
marina construction site; several hundred plants
Presque between road and water; 1993: 37 adults and 158
Presque Isle Harbor 84 Isle/NL S BC 4 1993 Private 2 N juveniles
Presque
Besser Natural Area 85 Isle/NL S BC 4 1989 State 9 N Infrequent along dunes; dedicated natural area
Presque
Grace North 72 Isle/NL S BC 4 1996 Corp. 0 N Common on the point; needs field survey
Presque USFS/ Rare; 1996: 18 adults & 43 juveniles; needs field
Hammond Bay East 81 Isle/NL S C 4/5 1996 Private 0 N survey
Besser Natural Area Presque
South 141 Isle/NL S C 5 1996 State 1 N One adult & 15 juveniles in 1996
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Table 3 (cont.) Thedistribution of Cirsium pitcheri in Michigan.

Critical
County/ Dune EO Size | Last Dune
Site Name EO#'| Region? |[Type®|Rank®* |Class® | Obs. owner® [status”| Area® |[Comments
Presque
Rockport North 140 Isle/NL S 5 1996 Private N 21 juveniles in 1996
Gulliver Lake Dunes 46 |Schoolcraft/lUP S B 1 2000 | Multi. Private 0 Y Common on dunes; much residential development
Lake Superior State Sizeable pop., quality dunes, recommend informative
Forest Dunes 153 [Schoolcraft/UP C B 4 2000 State 8 N signs
Michibay Rd. Twp. Park | 148 |Schoolcraft/lUP D 5 2000 Twp. 1 N 100s of plants, small dune complex, needs protection
Rocky Point West 152 |Schoolcraft/UP D 5 2000 Private 1 Y Common, needs protection
Point Aux Barques 40 |Schoolcraft/lUP S BC 5 1981 Corp. 0 N Locally common; needs field survey
About 50-100 plants noted; control of ORV use is
essential; development in dunes is increasing;
Thompson Dunes 1 Schoolcraft’/UP S C 4 2000 | USFS/state 0 N bulldozing by private in holders has occurred
Snyder Creek 146 |Schoolcraft/UP S C 5 2000 Private 1 N Several dozen plants, site needs protection
Seoul Choix Point 155 [Schoolcraft/UP S C 5 2001 Private 1 N Good habitat, but only one plant found
Wiggins Point 147 |Schoolcraft/UP D C 5 2000 Private 1 N Growing on 2 shallow foredune ridges
2 small colonies, control weeds and development in
Section 10 Dunes 149 |Schoolcraft/UP D C 5 2000 Private 1 N dune zone
Orr Creek 150 |Schoolcraft/UP S C 2000 Private N Several clusters, narrow beach, needs protection
Small pop. on city edge, keep ORVs out, control
Manistique Boardwalk 151 [Schoolcraft/UP D Cc 5 2000 City 1 N weeds
Needs field survey to determine population size and
Covert 109 | Van Buren/SL D BC 4/5 1991 | State/Private U Y status
Historical records (pre-1950 in non-urban northern Michigan; pre-1970 in southern Michigan or urbanized areas)
Harbert 97 Berrien/SL S U U 1919 Private U Y Needs survey to determine if extant
Noted as "plentiful”; highly developed area; none
Mackinaw City 94 | Cheboygan/NL S u u 1996 Private U N observed in 1996; needs field survey
Old record; highly developed area; may no longer be
Bay View 61 Emmet/NL S u u 1874 | Private/City U N extant; quick survey should determine status
Harbor Point 103 Emmet/NL S U U 1894 | Private/City U N Needs survey to determine if extant
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Table 3 (cont.) Thedistribution of Cirsium pitcheri in Michigan.

Critical
County/ Dune EO Size | Last Dune
Site Name EO#'| Region? |[Type®|Rank®* |Class® | Obs. owner® [status”| Area® |[Comments
Grand
Traverse/ Area needs field survey; record not specific; likely
Traverse City 19 NL S U U 1969 | Private/City U N extirpated
Single plant observed an collected in 1927; needs
Scotty Bay 92 Mackinac/UPI S D 5 1927 | Multi. Private U N survey
Packard Point 96 Mackinac/UPI S U U 1938 | Multi. Private U N Needs field survey
State/
Point Aux Pins 98 Mackinac/UP S U U 1947 | Multi. Private U N Needs field survey
Orchard Beach 69 Manistee/NL S U U 1951 State U N Noted as abundant in 1951; needs field survey
! Eo# - Element occurrence number used by State heritage program.
2 County/Region - County and biogeographic region where UP - Upper Peninsula, NL - Northern Lower Peninsula, SL - Southern Lower Peninsula, | - Island.
% Dune type - S - simple linear beach foredunes, D - discontinuous dune complexes, C - continuous dune complexes, P - perched dunes
4 EO Rank - Rank by habitat condition and population size and vigor (Appendix B).
5 Size Class - Size class based on area or linear extent and qualitative or quantitative estimates of abundance (Appendix C). Largest size is 1 and smallest is 5,
U is unknown.
6 Owner - NPS - National Park Service, USFS - U.S. Forest Service, State, CMU - Central Michigan University, MNA - Michigan Natural Area, MDOT -

Michigan Department of Transportation, Cnty. - County, Twp. - Township, City, Private, Multi. - Multiple parties, Corp. - Corporate, TNC - The Nature
Conservancy, LTC - Little Traverse Conservancy, and Pub. Sch. - Public School.
" Status - 1to 9 indicates the level of protection, O - no known landowner contact, U - undetermined if landowner contacted, ? - status uncertain (Appendix D).
8 Critical Dune Area - Defined by the State of Michigan and mapped in the Critical Dunes Atlas (MDNR 1989).



More than half of Michigan’s occurrences (84) rank C or lower, including sites that
have an undetermined rank. Following afield assessment, however, one or more of the
unranked sites may be ranked C or higher. Almost without exception, lower ranked
occurrences consist of smaller populations in more disturbed, vulnerable habitat of size
classes4 or 5 (Table 3). Frequently, multiple landowners own the habitat supporting
lower-ranked occurrences. Although ownership information is not complete, about 30 of
the 70 privately-owned sites are on private nature preserves. Several State highwaysin
northern Lower Michigan and Upper Michigan are next to the shoreline, and severa
occurrences lie at least partially within Michigan Department of Transportation (MDOT)
rights-of-way (ROW).

Of al occurrences, 41 are ranked as A, AB, or B; and 30 of these are primarily in
public or public/private ownership (Table 2). The remaining 11 occurrences are on
private lands. Overall, the mgjority of Michigan's occurrences, 115 (74%), are located in
9 counties: Charlevoix (23), Emmet (17), Mackinac (17), Leelanau (15), Schoolcraft
(12), Presque Idle (11), Benzie (7), Chippewa (6), and Manistee (6). Typically these
occurrences are found on ssimple linear dunes along Lake Michigan. Within these 9
counties 22 sitesare ranked A, AB or B, cover all size classes, and are located on public
lands or on lands with public and private access. These occurrences represent 73% of the
high ranking sites in the state growing on public lands or mixed public/private ownership.

Wisconsin

Pitcher’ s thistle is known from nine isolated sites in Wisconsin, of which six are
from Door Co. (Table 4). The remaining three occurrences are at Point Beach State
Forest in Manitowoc Co., Kohler-Andrae State Park in Sheboygan Co., and Wisconsin
Point in Douglas Co. Thetwo A ranked occurrences arein partial State ownership with
the rest on private or county property. Five occurrences are on simple linear dunes, three
on complex continuous dunes, and one on complex discontinuous dunes.

Indiana

Historically, Indiana had 12 occurrences of Pitcher’ sthistle, but only eight are
known to exist today (Table 5). Of these eight, six are within the Indiana Dunes National
Lakeshore, with three extending onto private property, and the remaining two arein the
Indiana Dunes State Park. Early Indianarecords (Cowles 1899, 1901; Pepoon 1927,
Pesattie 1930) suggest that the Pitcher’ s thistle was formerly common aong beaches, but
now is mostly confined to blowouts. Loss of adune’s stabilizing vegetation alows
blowing sand to migrate inland causing a blowout. The loss of foredune populationsis
attributable to natural shoreline erosion processes that have been exacerbated by the
construction of breakwaters, harbors, and revetments (Wood 1986) and to the intensive
recreational use of beaches by people (Hultsman 1986). Prior to large-scale human
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Table4. Thedistribution of Cirsium pitcheri in Wisconsin.

Dune | EO Size Last
Site Name EO#! County Type2 Rank®| Class? | Obsrv. owner |Status®|Comments
Whitefish Dunes 1 Door C A 3 2001 |State/Private| 6/1 |Best site in state, but human trampling is a problem.
Sevastopol Beach 2 Door S AB 3 2001 Private 2 High quality site needing protection. Landowner contact made.
County/ Severe trampling and patch-work of owners makes protection difficult.
Sturgeon Bay Canal 3 Door S BC 3 2001 Private 6/2 |Sensitive to shoreline erosion.
Highly fragmented populations, diverse ownership, and heavy
Heins Creek County 1990/ County/ trampling and protection status uncertain. Sensitive to shoreline
Park 5 Door D BC 4 2001 Private 6/0 |erosion.
County/ Small, but best population on Washington Island. Decline on county
Sand Dunes Beach 8 Door C CD 4 1999 Private 6/1 |land due to recreational use.
County/ Highly degraded by adjacent road, trampling and presence of soil
Lake Shore Drive 6 Door S D 5 1999 Private 6/0 |piles.
One immature plant on sandy beach. Herbarium specimen. Needs
Wisconsin Point NA Douglas S ? U 1998 ? 0 survey.
Point Beach State
Forest 4 Manitowoc | C A 3 2001 |State/Private| 6/0 |High recovery potential if trampling is eliminated.
Kohler-Andrae State Reduction of trampling and elimination of invasive non-natives may
Park 7 |Sheboygan| S BC 4 2001 [State/Private| 6/1 |enhance long-term survival.

! Eo# -
2 Dune type -
% EO Rank -
4 Size Class -

5
Status

Element occurrence number used by State heritage program.
S - simple linear beach foredunes, D - discontinuous dune complexes, C - continuous dune complexes
Rank by habitat condition and population size and vigor (Appendix B).
Size class based on area or linear extent and qualitative or quantitative estimates of abundance (Appendix C). Largest size is 1 and smallest is 5,
U is unknown.

- 1to 9 indicates the level of protection, 6 - land manager(s) are aware of occurrence, 0 - no known landowner contact (Appendix D).
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Table5. Thedistribution of Cirsium pitcheri in Indiana.

Dune| EO Size | Last
Site Name EO#! County Type2 Rank® |Class*| Obsrv. owner® Status®|Comments
Combines occurrences 4 and 16 which are less then one mile apart with
unsuitable habitat between. Respectively 70 plants in 1990 and 50 in
Miller High 1992. Both are localized blowout populations with the former having a
Dunes/USX 4,16 Lake D CD 5 1990-2 |NPS/Corporate| 6/0 |trail running through the north end.
Pine 3 Lake C - - 1909 ? - Extirpated. Collected by Blatchely (1902) and Umbach (1907 & 1909).
Indiana Harbor 2 Lake C - - 1907 ? - Extirpated. Collected by Deam at Indiana Harbor.
Edgemoore 14 Lake C - - 1882 ? - Extirpated. Collected by Davis.
Dune Acres High quality population on private and government ownership. Trampling
East 10 Porter D B 4 1991 NPS/Private 6/0 |is largely from local citizens. 550 plants in 1991.
Best landscape metapopulation in state. Trampling from joggers and
Big Blowout 1 Porter D BC 3 1991 State 6 mountain bike enthusiasts may be a problem.
Scattered populations throughout a well used dune system. Trampling
West Beach 5 Porter D C 4 1990 NPS 6 |may be limiting population.
70 scattered plants around NPS parking lot and on high dune towards
Keiser Blowout 7 Porter D CD 5 1991 NPS/State 6 Lake Michigan. Trampling may be a problem.
New small populations discovered by Bacone in 1991 survey in addition
Ogden Dunes 9 Porter D D 5 1991 NPS 6 |to those found by McEachern. Site of restoration experiment.
Combine four State listed occurrences that are less then 1 mile apart:
Dune Acres West, Little Lake Dune, Mineral Springs and Dune Acres
Dune Acres 6, Beach. Small remnant populations having respectively 15 (1990),11
West 12,13,15 | Porter D D 5 1990-2 | NPS/Private 6 (1991),17(1992) and 160 (1992) individuals.
Furnessville
Blowout 11 Porter D D 5 1990 State 38 plants in 1990.
Tamarack 8 Porter D - - 1978 NPS Extirpation due to either high lake levels or demographic stochasticity.
! Eo# Element occurrence number used by State heritage program.
2 Dune type D - discontinuous dune complexes, C - continuous dune complexes
3 EO Rank Rank by habitat condition and population size and vigor (Appendix B).
4 size Class Size class based on area or linear extent and qualitative or quantitative estimates of abundance (Appendix C). Largest size is 1 and smallest is 5.
5 Owner NPS - National Park Service, State, Private, Corporate.
5 status 1 to 9 indicates the level of protection, 6 - land manager(s) are aware of occurrences, 0 - no known landowner contact (Appendix D).




caused disturbance, beach populations were probably maintained in part by seed dispersal
from adjacent foredune and blowout populations. Local population extirpation occurred
because the beach was the main corridor of travel from 1830 to 1890-1900 (Cook and
Jackson 1978). The entire foredune system was eroded during high lake levels occurring
in 1929, 1943, 1974, and 1986 (Olson 19583, Larsen 1985, Wood 1986, Larsen 1987).
The Pine and Edgemoore populations were probably destroyed by industrial/residential
development, whereas the more recently extirpated Tamarack population was likely
destroyed by either the 1986-87 shoreline erosion episode or by chance extirpation of
small populations.

Historical lllinois

No natural Pitcher’ s thistle populations are known to exist in Illinois today.
However, fourteen historical collections are known from Cook and Lake Counties (Table
6). Over 75% of these records are from Cook Co., where little or no suitable habitat now
exists. All the remaining records are from “Waukegan” in Lake Co. and likely occurred
in the vicinity of what is now Illinois Beach State Park. The Cowles collections from
“Dunes, Thornton,” Cook Co., are unique because they were located approximately 15
miles inland from the modern Lake Michigan shoreline. These dunes represent the
Glenwood beach, the oldest and highest (640 ft) of three ancient beaches formed

Table6. Herbarium information for extirpated Illinois Cirsium pitcheri collections.

County Collector | Date | Herbarium? [nformation
Cook M offatt 1895 ILL Sandhills near Lake Michigan
Cook Hill 1884 ILL Shoreline at Lake Michigan
Cook Babcock [ 1870 ILL Cook Co.
Cook Cowles 1896 ISM Dunes, Thornton
Cook Cowles 1906 ISM Dunes, Thornton
Cook Vasey 1862 F Near Chicago
Cook Babcock n.d. F Chicago (printed label)
Cook Gates 1905 F L akeview, Chicago, sand at Lake
Cook Scammon | 1862 GH Chicago, sandy shoreline of Lake
Cook Vasey n.d. SIU L akeshore, Chicago
Cook Bed 1869 MO L akeshore, Chicago
Lake Gates 1908 F,ILL w/Artemisia & Panicum, Waukegan
Lake Gleason 1906 ILL Dry sand beaches, Waukegan
Lake Benke 1919 E Waukegan

L Herbarium: ILL - University of lllinois at Urbana, ISM - lllinois State Museum, F - Field Museum, GH -
Gray Herbarium, SIU - Southern lllinois University, MO - Missouri Botanical Garden.

22




by glacial Lake Chicago asit retreated during the Wisconsin glaciation. The dunes at
Thornton were formed in an embayment of Lake Michigan created during the higher lake
level (Willman and Frye 1970, Hansel et a. 1985). The lllinois Natural Areas Inventory
(White 1978) recognized severa natural areas in the vicinity of Thornton, but none were
found to contain Cirsium pitcheri. Cowles collections were separated by a ten-year
period, suggesting some stability, however no thistles have been relocated at Thornton.

D. Habitat and Ecosystem

Pitcher’ sthistle is one of afew plant species endemic to the post-Wisconsinan
Great Lakes sand dunes. As geologic processes create new habitats the potential for the
development of new speciesincreases. Species restricted to these dune ecosystems are of
considerable biological significance. Pitcher’sthistleis part of a dynamic dune
ecosystem with amyriad of interacting species. Healthy populations of Pitcher’ sthistle
are an indication of the general well being of dune ecosystems. No speciesis known to
depend completely on Pitcher’ sthistle. However, the rust, Puccinia laschii (Saville
1970) that is sometimes found on adult leaves may be host-specific, and therefore
dependent on Pitcher’ sthistle. In addition, Pitcher’ sthistle isafood (pollen, nectar and
seed) source for many organisms (Keddy and Keddy 1984, Loveless 1984).

Cirsium pitcheri is found most frequently in the near-shore plant communities,
although it occursin all non-forested areas of Great Lakes dune systems. Great Lakes
dune systems are similar to coastal dunes worldwide (Figure 3). Generally, in
undisturbed settings alow barrier dune ridge, or foredune, forms immediately inland from
the beach (Buckler 1979). This ridge breaks the onshore winds, trapping sand as it blows
shoreward from the beach. Frequently, on the landward side of the foreduneis an
interdunal trough, atopographically protected low area of varying depth and width. In
some areas the interdunal trough isfilled with groundwater, forming small interdunal
ponds. Inland from the trough is a series of larger, secondary dunes that range in height
from as much as 60 m at the southern tip of Lake Michigan to lessthan a 1 m in the north
(Cowles 1899, Olson 1958a).

The coastal dunes of the Great Lakes formed as the last glaciers retreated from the
lake basins 14,000 to 10,000 years ago (Hansel et a. 1985), and the larger dune systems
formed 4,700 to 4,000 years ago during, higher, Nipissing shorelines. They were created
by the agents of wind and water through processes continuing today. Shoreline erosion
and river discharge brings sand into the Great Lakes. Once in the water, sand is picked
up by long shore currents, transported along the coastline, and deposited by waves on
sandbars and beaches. Onshore winds then rework the beach sands into dunes.
Fluctuating lake levels may deposit and erode sand along the dune lines (Olson 19583,
Larsen 1985). However, sediment loads are lower today than during deglaciation.
Therefore beaches and large dunes are not being formed at the same rates as in recent
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geologic history (Buckler 1979). A different equilibrium now exists between the
interacting forces of sand supply through long shore currents, dune formation and erosion
by winds, and stabilization through plant establishment and succession. Asaresult of
these dynamic interactions, the sizes and shapes of the Great Lakes dune systems vary
with location and region, depending on the amount of sand brought to the beach by long
shore drift and the orientation of the coastline relative to prevailing winds (McEachern
1992).

The Great Lakes dunes can be loosely categorized into four landscape types based
on the opportunities they offer for Cirsium colonization and spread (Figure 4). The three
lake level dune types are simplelinear beach foredunes, continuous, and
discontinuous dune complexes. The fourth type is the continuous per ched dune
complexesthat are usually found on glacial moraines at high elevation above the lake.
These four dune types each have unique geographic distributions corresponding to their
glacia and post-glacial history.

Although present throughout the Great Lakes, simplelinear beach foredune
systems are found primarily adjacent to Lake Huron and on the northern and eastern
shores of Lake Michigan. On simple linear dunes, the foredune is either backed by a
wave-cut cliff, or it grades immediately into forested secondary dunes. Pitcher’sthistle
live on the foredunes of simple linear dune systems, aslittle or no Cirsium habitat occurs
inland in simple linear dune systems. Because the foredune may be flooded, simple linear
dunes do not have refugia during high lake levels. Consequently, Pitcher’ sthistle
occurrences may be eliminated by natural or human disturbances concentrated on the
beach and first dune. Such disturbances include erosion by high lake levels, alteration of
sand movement by erosion control structures (groins and jetties), or repeated trampling of
plants by people.

Continuous dune complexes contain refugia from disturbances in open grassland
habitat inland from the foredune. Continuous dune complexes occur on the east and west
shores of Lake Michigan, and have continuous expanses of Cirsium habitat for
colonization. Pitcher’sthistlelocally extirpated from one portion of a continuous dune
complex can be recolonized by seed from Pitcher’ s thistle on adjacent dunes. Chances
for Cirsium persistence in these systems are high as long as the dune complexes remain
large, unfragmented, and the processes of dune accretion and erosion, plant succession,
and habitat turnover continue.

Discontinuous dune complexes are primarily found along the east and southeast
Lake Michigan shore in Indiana and Michigan, and one in Wisconsin. On discontinuous
dune complexes, the shoreline runs roughly perpendicular to prevailing northwest winter
winds, and linear dunes are interrupted by blowouts that extend inland into forested
dunes. The blowouts serve as habitat refugiafor Pitcher’sthistle. On discontinuous dune
complexes, Pitcher’ sthistle are more buffered against extirpation than simple linear
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dunes. The blowouts extend open habitat suitable for Pitcher’ s thistle inland, away from
potential flooding. However, blowouts are typically separated by several kilometers of
unsuitable forested habitat. Following an event that extirpated foredune and some
blowout occurrences, seed dispersal from remaining blow-out refugia would not likely
disperse quickly to all dune habitat between the remaining occupied blowouts. Therefore,
blowouts that lose Cirsium are less likely to be recolonized than areas in the continuous
dune complexes.

Continuous per ched dune complexes are found on the northwest Lower Michigan
shoreline and at a single site on the Lake Superior shoreline. Continuous perched dune
complexes are elevated on ancient glacial moraines with bluffs 30 to 120 m above the
present lake level and can extend at least amile inland. Perched dunes are nourished by
sand blowing off nearby bluff faces when lake levels are high rather than from beaches
when lake levels are low (Marsh and Marsh 1987, Anderton and Loope 1995). Dueto
their exposure to frequent high winds, perched dunes have highly mobile foredunes at the
bluff edges.

Pitcher’ sthistle are most likely to persist long-term on three extensive dune
landscape types: continuous dune complexes, discontinuous dune complexes, and
perched dune complexes. These three types of dune systems formed hundreds of years
ago after deglaciation produced abundant sand supplies. Because sediment accretion
rates are lower now, these dune complexes cannot be recreated if they are destroyed, but
they can be reinvigorated if sand supply periodically increases. Simple dune systems,
however, are maintained by ongoing processes and can persist as long as sufficient sand
isdelivered to them vialong shore currents, and long shore delivery is not interrupted by
construction or stabilization. Because of these differences, dune type is an important
parameter in considering the viability and restoration of Pitcher’ s thistle.

E. LifeHistory and Ecology

Pitcher’ s thistle colonizes patches of open, windblown areas of the landscape, and
gradually declineslocally as the density of vegetation and ground litter increases through
plant succession. Cirsium pitcheri is dependent on continually colonizing the mosaic of
open habitats within the Great Lakes dunes. The speciesis patchily distributed with
varying population sizesin al open zones of the dunes vegetation. Plant populations
decline in stabilized, late successional secondary dune sites and in areas heavily used by
people. Cirsium pitcheri density peaks in mid-successional habitats and requires 70%
open sand for successful seedling establishment and survival (McEachern 1992).
Population sizes may vary with habitat. While occurring on Indiana and Illinois beaches
early in this century (Cowles 1899, 1901), the speciesis now seldom reported in surveys
of beach flora (Bowles 1990). Researchers report its occurrence primarily in all other
parts of dune systems studied in Michigan (Bach 1978; Nepstad 1981; Hazlett and Vande
Kopple 1983, 1984; Loveless 1984; MNFI 1987; Loveless and Hamrick 1988), Indiana
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(Wilhelm 1980, Bowles et a. 1985, McEachern et al. 1989, Bowles 1990), and
Wisconsin (Alverson 1981, Dobberpuhl and Gibson 1987, Bowles 1990). In these dunes
it is patchily distributed along foredunes and in blowouts, with declining numbersin
stabilized, late-successional secondary dune sites and in areas heavily used by people.
Insect herbivory appears to increase with successional advancement (Stanforth et al.
1997).

Environmental conditions for plant growth become less harsh with increasing
distance from shore, resulting in zonation of plant communities paralleling the dune
forms. Many fast-growing annual plant species (Appendix A), inhabit the loose, blowing
sands of the beach between the wave-wash zone and the foredune. In years of high lake
levels or intense summer storm activity this zone can be very narrow to nonexistent,
whilein other years it can be many meterswide. Therefore, these annua plants fluctuate
greatly in number and distribution from year to year and depend on a store of dormant
seeds buried in the sand to carry them through harsh years.

The foredune presents a similarly dynamic substrate for plant growth, as it grows
and moves in response to weather patterns. When lake levels are low and the beach is
wide, alarge amount of sand is blown landward. The sand is trapped by the vegetation
and the foredune builds rapidly. In years of narrow beach area, the foredune grows more
slowly, or may even be undercut by high waves. Foredune vegetation istypically a near
monoculture of rhizomatous beach grass (Ammophila breviligulata) growing with stress-
tolerant shrubs and herbaceous species inhabiting the open, stabilized spaces between the
grass stems. In wet springs foredune buildup may be caused by a flush of cottonwood
regeneration and establishment (Poulson 1990, 1995). Foredune plants tolerate high
amounts of sunlight and wind, and adjust their growth rates to accommodate the shifting
sand substrate. In the interdunal trough zone this plant community becomes more dense
and species less drought tolerant are found.

In secondary dunes, the greater distance from the shore allows lower wind speeds,
more stable sand substrate, and more dense plant growth. Beach-adapted species are
replaced by perennial grasses, such as little bluestem (Andropogon scoparius). Whereas
ground cover can be as low as 6% in the foredunes, it commonly reaches 40-50% in the
secondary dunes (McEachern 1992). The sands have incorporated more organic matter
into the surface layer, and can support a greater amount of biomass (Olson 1958b). Plant
species diversity is higher in the secondary dunes, with a greater variety of life forms,
ranging from small herbaceous annuals to evergreen shrubs and small trees. This dune
grassland typically grades into an oak, pine or beech-maple woodland on the older dunes.
Ground-layer vegetation there receives little light, and the open dunes florais completely
replaced by shade tolerant forest understory plants.

When foredunes are breached by high winds, waves or human activities, parabolic
blowouts push inland from the trough and windward face of the secondary dune. Recent
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evidence suggests that blowouts are formed after some lake level highstands that occur at
approximately 150 year intervals (Loope and Abrogast 2000). These blowouts range
from several sguare metersto hectaresin area. Blowouts and other disturbancesin the
secondary dunes provide foredune-like habitats for beach and foredune species such as
Pitcher’ sthistle, if destabilizing effects of the disturbance are not too severe. Once
stabilized, the blowouts eventually succeed to little bluestem dominated grassland,
displacing the colonizing species.

By colonizing blowouts, Pitcher’s thistle and other species characteristic of the
beach and foredune locations persist for atime at scattered sites within the more protected
secondary dunes. In years when the foredunes are truncated by high lake levels or storm
activity, such sites may serve as refugia for those species, contributing to eventual beach
and foredune recolonization (McEachern 1992). Beach and foredune plant species
depend on a dynamic microhabitat for their persistence in the dune flora. Therefore,
smaller dune fields, limited in their range of microhabitats, are more likely to lose these
species than are larger dune fields richer in the mosaic of dune forms and early
successional openings.

Seed Ecology

Cirsium pitcheri has the largest individual seeds, each weighing about 0.010 gm,
among thistles in the eastern United States (Gleason 1952, Montgomery 1977). This
large seed size may be advantageous for rapid seedling establishment by maximizing
seedling root growth in the often hot, dry, and infertile dune sand substrate. Loveless
(1984) found that average seed weight was greater at stabilized sites than in less stable
foredune sites. Larger seed size may be selected for in stabilized sites because seedlings
from larger seeds would be able to grow a deeper taproot in a shorter time to evade dry
conditions. Moisture may be more available on the foredune due to proximity to the lake
and ground water flow. Hamzé and Jolls (2000) found that Pitcher’ s thistle seeds were
heavier at the Upper Peninsula sites compared to sites south of the Straits of Mackinac.

Seed dispersal commencesin late July at the northern limits of its range (Keddy and
Keddy 1984), but can occur from June to August (McEachern 1992). Seeds have along
(up to 25 mm) loosely attached pappus. Primary seed dispersal is through individual
seeds blowing from the inflorescence head or by the whole plant and heads falling to the
ground at the end of the flowering season. Maximum observed primary dispersal
distances range from 1.83 to 4.00 m based on seed locations and on seedling distributions
around previous year’s adult plants (Keddy and Keddy 1984, Loveless 1984, Ziemer
1989). Secondary dispersal is effected by wind blowing seed and seed heads across the
sand, snow or water surface (Loveless 1984).

Pitcher’ s thistle seeds are subject to various pre- and post-dispersal herbivory. Pre-
dispersal herbivores include the artichoke plume moth larvae (Platyptilia carduidactyla),
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ground squirrels, goldfinches (Spinus tristis), and deer. Sparrows and other ground
feeding birds and small mammals may eat seeds after dispersal (Keddy and Keddy 1984,
Loveless 1984, McEachern 1992, D’ Ulisse and Maun 1996, Stanforth et a. 1997). Pre-
dispersal seed predation can have a significant impact on Pitcher’ s thistle demography as
evidenced by observed seed set reductions of 42 and 14% at the Canadian population on
Lake Superior (Keddy and Keddy 1984; Loveless 1984; Svata Louda, University of
Nebraska-Lincoln, pers. comm.). Loveless (1984) found pre-dispersal predation highest
inland and density independent whereas Keddy and Keddy (1984) found it highly density
dependent. Little is known concerning post-dispersal seed losses.

Pitcher’ s thistle appears to have a small between-year seedbank (Loveless 1984,
McEachern 1992, Bowles and McBride 1996, Hamzé and Jolls 2000). McEachern (pers.
comm.) has had seeds remain viable for three years. This suggests a buried seedbank may
not strongly buffer population stability when plants are destroyed. Seed dispersal to
nearby suitable habitats may be more important for population stability than the
seedbank.

Seed Germination

Dormancy is broken by cold, moist stratification (Hamzé and Jolls 2000), with seed
germination occurring in May and June (Loveless 1984). In field experiments,
germination was higher for buried seeds than for exposed seeds (Loveless 1984).
Germination of buried seeds did not vary with dispersion patterns, clumps of seedsvs.
single seeds. Hamzé and Jolls (2000) found that germination was suppressed by light,
increased by burial, and increased with seed size. Seed germination may vary yearly
depending on rainfall. Episodic germination occurs in late-successional sites after
moderate sand deposition (McEachern 1992).

Seedling Sage

Seedlings produce 1 to 6 leavesin the first season (Loveless 1984). Seedling
densities are greater where bare ground is abundant (McEachern et al. 1989) than in
stabilized sites with greater vegetation cover; however, there is greater seedling mortality
in foredune sites relative to inland sites (Keddy and Keddy 1984, Loveless 1984).
Greater mortality isfound on inland-facing slopes relative to exposed foredunes at an
inland embayment site. Inland facing slopes on the east side of Lake Huron face south to
southwest and experience greater dessication (Ziemer 1989). After establishment, plant
mortality decreases on foredunes, but remains lower and constant on more stabilized
sites. Seedling mortality is caused by ant and wind excavation, drought, excessive burial
in sand, and trampling (Keddy and Keddy 1984, Loveless 1984, Ziemer 1989, McEachern
1992).
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Juvenile Stage

Juvenilestypically consist of one rosette, unless they are grazed, trampled or buried
where they may develop multiple rosettes. Juveniles may remain dormant for one or two
years as aresult of drought (McEachern 1992). The chances of juvenile mortality
decrease as they increase in size. Causes of mortality include human and moose
trampling (Keddy and Keddy 1984, Gibson 1988), sand deposition and erosion
(McEachern pers. comm.; Steve Weller, University of California, Irvine, pers. comm.),
drought, and rabbit herbivory (Weller pers. comm.). Root crown diameters of juveniles
decreased when buried by sand (McEachern 1992). Juveniles grow or maintain a
constant size throughout the growing season, but may diminish in size over the winter
(Loveless 1984, McEachern 1992). Observations indicate juvenile plants in foredunes
grow by increasing leaf number, whereas in inland stabilized habitats they grow by
increasing leaf size (Loveless 1984). Larger leaves may be important in competitive
habitats. These growth differences may be significant in determining the age when
juveniles reach acritical flowering size. The probability of insect herbivory increased
with juvenile size, large juvenile density, and population successional stage (Stanforth et
al. 1997). Thisincrease correlated with lower recruitment, larger plant size at maturity
and greater abundance of large juveniles; therefore, Stanforth et al. (1997) hypothesized
that insect herbivory increased time to maturity and decreased Pitcher’ s thistle persistence
in late successional habitats. Similarly, Phillips and Maun (1996) found simulated
intense deer herbivory in greenhouse grown plants reduced plant root dry weight.

Pitcher’ s thistle plants may respond to intense herbivory by decreasing or delaying
flowering efforts, having lower survivorship or decreased growth.

Adult Reproductive Stage

Age of reproduction ranges from 5 to 8 years and appears to be correlated with
habitat. Loveless (1984) found that adults bloom sooner in more stabilized habitats than
in foredunes. What specifically triggers blooming is unknown, but the length of the
longest leaf (Loveless 1984) and the root crown diameter (M cEachern 1992) were found
to be significant predictors. However, flowering probably involves an interaction
between plant size (growth rate) and age, as small plants have been observed to flower
(Gibson pers. obs., McEachern pers. obs., Pavlovic pers. obs.). A garden-grown plant
was observed in bloom in itsfirst year (Weller pers. comm., unpublished Indiana Dunes
research).

Adults are typically single stemmed, but multiple stemmed plants (2 to 30 stems)
are known. Multiple stemming may be aresult of apical meristem damage caused by
many factors including trampling, grazing (Phillips and Maun 1996), sand burial, or
predation by artichoke plume moth (Keddy and Keddy 1984, Loveless 1984, Gibson pers.
comm.). The frequency of multiple-stemmed plants and stem counts per plant increases
as site stabilization proceeds (Keddy and Keddy 1984, Loveless 1984, Gibson pers.
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comm.), but McEachern (1992) found that multiple-rosetted juveniles did not necessarily
produce multiple-rosetted or -stemmed adults. Multiple-stemmed plants tend to have
more heads (McEachern 1992), but they are smaller than heads on single-stemmed plants.

The number of flowering heads per plant varies with habitat, latitude, plant size, and
year (Keddy and Keddy 1984, Loveless 1984, McEachern et al. 1989), and is highly
correlated with stem diameter (McEachern 1992). Adults at Indiana Dunes had, on
average, fewer inflorescence numbers (7.3) than those at Sleeping Bear Dunes and
Pictured Rocks, 27.1 and 26.2, respectively (McEachern et al. 1989, McEachern 1992).
Seed head diameter is positively correlated with both viable and total seed number
(McEachern 1992). Seed set fluctuated widely between years and between sites, but was
highest at the foredune site (Loveless 1984).

Floral Biology

Pitcher’ s thistle blooms from May to September, with the date of peak anthesis
occurring later with increasing latitude (mid-July at Sleeping Bear Dunes). Flowering is
determinant and commences from the terminal head and proceeds downward. Smaller
axillary flowering head buds |ocated below the flowering inflorescence may bloom late in
the season or if distal heads are damaged or removed. Floret number per head is
positively correlated with head diameter and ranges from 30 to almost 300 florets (Keddy
and Keddy 1984, Loveless 1984). Head diameter and floret number both decline as the
Season progresses.

Florets are bisexual and insect pollinated, with maturation proceeding from the
outside of the head towards the center. Anthers of each floret produce mature pollen
before the stigmaisreceptive. Thisintra-head and intra-floret phenology prevents self-
pollination of florets, but alows pollination among inflorescence heads on the same
plant. Thirty insect species from four orders (predominantly bees. Hymenoptera) have
been observed visiting Pitcher’ s thistle, although which are legitimate pollinatorsis
unknown. Inter-plant pollination predominates early and late in the blooming season,
whereas intra-plant pollination dominates in mid-season (Loveless 1984).

Pitcher’ s thistle has a mixed mating system, with outcrossing ranging from 35 to
88% (Keddy and Keddy 1984, Loveless 1984). The speciesis apparently self compatible;
however out crossed and open-pollinated heads have higher seed set than self-pollinated
heads. Genetic neighborhoods are likely to be quite small. Whether inbreeding leads to
the loss of fitnessis unknown. A mixed mating system suggests that inbreeding
depression could occur in small populations.
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Metapopulation Dynamics

M etapopulation dynamics is important for the conservation of Pitcher’ sthistle
(McEachern 1992). A metapopulation isamore or less continuous or loose collection
of somewhat separate but potentially interacting and dynamic populations delimited by
marked or discrete gaps in habitat or colony boundaries on a dune landscape (Figure 5).
The relative separateness of populations leads to stability in a chaotic environment and
affects genetic exchange among populations. As a species, Pitcher’ s thistle exhibits
severa characteristics of metapopulations (Levins 1970, Hanski 1989). First, patches of
Pitcher’ s thistle are distributed across dune landscapes. Patches are connected by gene
flow through seed and pollen dispersal to other patches, but those farther away are more
loosely connected than those closer. In any dune landscape, not all suitable habitat
patches are occupied by Pitcher’ sthistle. Second, Pitcher’ s thistle patches are dynamic
and can be created or destroyed. For example, a patch can be destroyed by excessive sand
deposition or erosion, especially near the shoreline. After conditions make the site
suitable, it can be recolonized by seed dispersal from adjacent patches provided they are
close enough (McEachern 1992). Third, disturbances that influence the patch’s number
of individuals, size, growth, and fate must be partially uncorrelated in space and timein
large dune systems. For example, McEachern (1992) found that storms that destroyed
near shore populations were less severe inland and actually contributed to population
growth inland by causing light sand deposition which alowed the establishment of new
plants.

At the ecosystem level, the sand dune habitat for Pitcher’ s thistle in the western
Great Lakesis limited by the geomorphic processes that created the dunes. These
habitats are often influenced by fluctuating lake levels due to severe seasonal weather
patterns and regional climatic variation. Episodic sand deposition occursin shoreline
dunes when lake level is declining and in perched dunes when lake levels are increasing.
Therefore weather events are unlikely to simultaneously destroy all Pitcher’ s thistle
habitats.

Populations of Pitcher’ sthistle are relatively short-lived on dune landscapes,
because they are prone to extirpation due to successional change, erosional loss and
catastrophic events depending on their location. A shifting mosaic of dune processes on a
large dune system landscape can ensure a species persistence so long as seed is available
to disperse to existing or newly created adjacent suitable habitats. In the long-term,
Pitcher’ s thistle populations will also shift on such alandscape. This metapopulation
perspective clearly shows how human development on an unoccupied habitat could
eventually fragment Pitcher’ s thistle connectivity and increase the probability of local
extirpation of the species. Construction on a portion of a dune system where Pitcher’s
thistleis currently absent will, in the long, run fragment the dune system and increase the
probability of population extinction by eliminating habitat available for recolonization.
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Figure5. Metapopulation model for conservation of specieslike Cirsium pitcheri.
Sequence of threetimes illustrates various properties of metapopulation dynamics:

1. Not all suitable habitat patches are occupied in one time nor are they fixed in
space. At Time 1, three suitable patches are unoccupied, two patches are unoccupied at
Time 2 and three at Time 3. In the sequence, two suitable habitat patches decreasein
size, one disappears and four are created.

2. For aspeciesto fit a metapopul ation model, popul ations must be weakly
linked so their trends and growth rates are not synchronous among populations. Inthis
model, some populations are declining while others are increasing. Also suitable habitats
that are occupied are shifting in time and space.

Figure developed by McEachern and Pavlovic (1991) and modified from
Pavlovic and Bowles (1996).



Dune landscape fragmentation effectively isolates populations and presents barriers to
dispersal while changing dune processes.

The fates of local habitats and populations are determined by succession and
disturbance. Similarly, Pitcher’s thistle populations can fluctuate greatly in number, size
class distribution, and growth rate between years (Loveless 1984, McEachern 1992) in
response to a variety of natural and human factors that alter individual Pitcher’sthistle
death and reproductive rates. Generally, occurrences in areas of sustained, low-level sand
deposition showed stable or increasing populations (McEachern 1992). One occurrence
at Indiana Dunes differed from this pattern as chronic human trampling caused high
seedling and juvenile mortality thus preventing population growth. That Indiana Dune
occurrence declined over four years of study although present in an early successiona
community. In more recent years the population rebounded when trail use decreased
temporarily.

For a particular occurrence of Pitcher’ sthistle to survive, disturbance must be
frequent enough to prevent extirpation from succession and infrequent enough to allow
juvenilesto reach maturity; thus the Pitcher’ s thistle life history is finely tuned to a
specific disturbance regime (McEachern 1992). Disturbances may eliminate local
occurrences, but as long as those disturbances are not synchronous throughout the
landscape, and occurrence creation exceeds decline, the species will persist (Pavliovic
1994). Persistence will be lowered by factors that increase the variability in population
growth rate, lower the maximum population size ceiling, and/or lower the average
population growth rate (Goodman 1987). While no variance-producing factor alone may
be sufficient to cause extirpation, a combination of factors may drive an occurrence into
an inescapabl e extinction vortex (Gilpin and Soulé 1986).

From an ecosystem perspective, protection and conservation of both lake level and
perched dune systems will probably prevent extinction from climatically driven disasters
because the two dune systems respond oppositely to the same climatic perturbations.
From alandscape perspective, recovery of Pitcher’s thistle will require the preservation of
large unfragmented dune systems retaining dynamic dune processes and many local
patches widely dispersed among multiple successional stages throughout the dune system.

F. Threats
Destruction, modification or curtailment of habitat or range
Development, sand mining, beach and dune stabilization projects, and certain types
of frequent recreation have destroyed, modified or curtailed approximately 10% (18/191)
of the Pitcher’ s thistle habitat, and reduced itsrange. For instance, seven Pitcher’ sthistle

popul ations were extirpated from Indiana and Illinois, but the number lost elsewhereis
not known.
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Residential home construc